THE electrocardiographic response in man to acute changes in blood hydrogen ion concentration has not been well defined. Although the effects of an acute alteration in blood pH have been studied in dogs and isolated heart preparations, -4 examinations in man have usually been limited to clinical situations in which disturbances in serum electrolytes occurred along with deviations in hydrogen ion concentration. 5 The present investigation is concerned with a study of the electrocardiogram in man during infusions of the acidifying and alkalinizing agents hydrochloric acid, the amine buffer tris (hydroxymethyl) aminomethane (THANM), and sodium bicarbonate.
Material and Methods
Thirty-six studies were performed upon 34 subjects. All but three were men. Their ages ranged from 40 to 73 years (mean 56). Thirty-two subjects had chronic pulmonary disease, one had localized pleural thickening of unknown etiology, and one had a bronchogenic carcinoma. Seventeen of those with chronic pulmonary disease had previously demonstrated right ventricular failure, but none was in failure at the time of study; of these 17, 15 The experimental protocol, described in a previous publication, was that of a larger study on the pulmonary circulation.8 Each of the three infusions was given into the right atrium through a cardiac catheter, since peripheral venospasm and pain may occur if the agents used are injected into a vein. An indwelling Cournand needle in a brachial artery was used to obtain blood samples for determination of pH. Each subject was studied in a basal, fasting, and unsedated state. Isotonic saline infusion was maintained during the control period, which varied from 4 to 31 minutes (mean 12). Blood sodium, calcium, and potassium levels were not measured.
In 10 subjects, following the control period, 0.145 to 0.202 ml./Kg./min. ( 10.5 ). An additional 12 subjects received 2.6 to 3.5 ml./Kg. (mean 3.0) of 0.9 M sodium bicarbonate for periods ranging from 8 to 16.5 minutes (average 11.5) .
Electrocardiograms consisting of the three standard leads and the three unipolar AV leads were obtained by an oscillographic method of recording.* Records were made at the beginning and end of both the control and the infusion period. The usual standardization of 1 mv. producing a deflection of 10 mm. was employed, with a paper speed of 25 mm. per second. With the aid of a magnifying lens, the PR, QRS, and QT intervals were measured to the nearest 0.005 second, and the P-and T-wave amplitude to 0.25 mm. The PR and QRS intervals were measured in lead II, whereas the QT interval was measured in whichever lead showed the greatest QT duration. In all instances, the values from five or more consecutive cardiac cycles were averaged. The QT intervals were corrected (QT,) to a heart rate of 60 by means of the nomogram of Kissin and co-workers,9 which is derived from the formula of Bazett.10 The P-and T-wave amplitudes were measured in whichever lead had the greatest *Electronics for Medicine, White Plains, New York.
inflection. The mean P, QRS, and T frontal plane vectors were estimated according to the method of Grant."
Arterial blood samples were obtained at approximately the same time as the serial electrocardiographic recordings. The blood samples were analyzed for carbon dioxide content and oxygen content and capacity by the method of Van Slyke and Neil. The arterial blood pH was determined with an Astrup Radiometer or in a few instances by a Cambridge constant-temperature pH meter. Carbon dioxide tension was estimated from the whole blood carbon dioxide content with the line charts of Van Slyke and Sendroy.
Results
The average values for arterial pH, carbon dioxide content and tension (PaCO2), heart rate, P-wave amplitude, PR interval QRS duration, T-wave amplitude, corrected QT, and the mean P, QRS, and T frontal plane vectors remained unchanged during the control period, which averaged 12 minutes.
Hydrochloric Acid
The control pH averaged 7.43 (range 7.36 to 7.49). Following the hydrochloric acid infusion, which lasted an average of 10.5 minutes in the 10 subjects, the average pH decreased to 7.37 (range 7.30 to 7.41) resulting in a mean decrease in pH of 0.06 unit. The mean carbon dioxide content decreased 7 Others have demonstrated that acutely induced acidosis or alkalosis produce electrocardiographic changes which, in some instances, were said to be similar to those of hyperkalemia, or hypokalemia, respectively." 3, 4, 12-15 For example, in acutely induced acidosis in dogs, an increase in the T-wave amplitude appears after severe depression of the pH and when the pH is lowered below 7.10 QRS prolongation and obliteration of atrial electrical activity occur.4 Although these changes were considered more likely to be related to the hyperkalemia which accompanied the acidosis than to the hydrogen ion concentration per se, this issue remains unsettled.
In the present study, blood pH was lowered abruptly by the infusion of hydrochloric acid without inducing any electrocardiographic alterations. The average fall in pH was 0.06 unit, the lowest level achieved was a pH of 7.30, a value considerably higher than those achieved in the animal experiments.4 14 Although the human and animal experiments cannot therefore be considered comparable, the lack of electrocardiographic change in this human series is consistent with the observations in animals that a profound decrease in pH (less than 7.10) is necessary before such changes appear. 4 14 The effect of THAM upon the electrocardiogram, however, has not heretofore been investigated.
In this study, the lack of any electrocardiographic alterations following THAM, as compared to the rare (two of 12 subjects) and very modest prolongation of the QT interval (without T-or U-wave shift) with sodium bicarbonate infusion, despite similar pH increases in both groups (average increases of 0.09 and 0.10 pH units, respectively) suggests that these rare QT changes seen following bicarbonate were not directly related to the hydrogen ion concentration. It is conceivable that electrolyte shifts could be responsible, however, since the serum electrolyte alterations that occur with sodium bicarbonate infusions have been postulated as the possible explanation for certain electrocardiographic changes observed by others." 16 However, these electrocardiographic changes were predominantly in T waves and U waves (such as occur in hypokalemia) as well as in QT intervals. The first two changes were not seen in our study, even when QT lengthened. Singer et al. ' 7 demonstrated a decrease in plasma potassium and an increase in plasma sodium after hypertonic sodium bicarbonate infusion in humans. In the absence of abnormal T and U waves, however, the two cases of prolonged QT, noted in the present investigation cannot be explained by low potassium alone. In contrast to sodium bicarbonate, electrolyte balance studies of the effects of THAM in dogs show a fall in plasma sodium levels, but the plasma potassium concentration remained either unchanged or slightly increased.1821 No electrolyte determinations were obtained in the present study, so one cannot speculate on the possible contribution of electrolyte shifts in the occasional prolongation of the QT interval noted after the sodium bicarbonate infusion.
The fall in arterial oxyhemoglobin saturation occasioned by THAM8 
